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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The semiconductor device characterized by having come to provide the substrate with 
which it comes to carry out the laminating of the 1st semi-conductor layer, an insulating layer, 
and the 2nd semi-conductor layer one by one, and for distortion being contained in said 2nd 
semi-conductor layer, and forming the component. 

[Claim 2] The semiconductor device according to claim 1 characterized by forming the 
rearrangement defective field in said 1st semi-conductor layer. 

[Claim 3] Said rearrangement defective field is a semiconductor device according to claim 2 
characterized by being formed in the interface of said 1 st semi-conductor layer and said 
insulating layer. 

[Claim 4] Said 1st semi-conductor layer uses silicon as a principal component, and the 
consistency of the rearrangement defect of said rearrangement defective field is 2 1x1010 
pieces/cm. Semiconductor device according to claim 2 or 3 characterized by being above. 
[Claim 5] The semiconductor device according to claim 1 to 4 with which thickness of said 2nd 
semi-conductor layer is characterized by being smaller than said insulating layer thickness. 
[Claim 6] Said 2nd semi-conductor layer is a semiconductor device according to claim 1 to 4 
which uses silicon as a principal component and is characterized by said distortion being hauling 
distortion from which the lattice constant of said silicon in said 2nd semi-conductor layer 
becomes 1.01 or more times of the original lattice constant of silicon. 
[Claim 7] Said 2nd semi-conductor layer uses silicon as a principal component, and said 
insulating layer is Si02. Semiconductor device according to claim 1 to 4 with which it considers 
as a principal component, and thickness of said 2nd semi-conductor layer is characterized by 
being 1/5 or less [ of said insulating layer thickness ]. 

[Claim 8] By the process which the 1st semi-conductor layer, an insulating layer, and the 2nd 
semi-conductor layer prepare the substrate which comes to carry out a laminating one by one, 
and injects ion into said 1st semi-conductor layer, and heat treatment While forming the 
rearrangement defective field based on said ion in said 1st semi-conductor layer and separating 
said the 1 st semi-conductor layer and said insulating layer in stress The manufacture approach 
of the semiconductor device characterized by having the process which makes said 2nd semi- 
conductor layer generate distortion, and the process which forms a component in said 2nd semi- 
conductor layer. 

[Claim 9] Said heat treatment is the manufacture approach of the semiconductor device 
according to claim 8 which carries out the description of consisting of the 1st heat treatment 
which forms said rearrangement defective field, and the 2nd heat treatment which it is carried 
[ heat treatment ] out after this 1st heat treatment, and generates said distortion. 
[Claim 10] The temperature of said 2nd heat treatment is the manufacture approach of the 
semiconductor device according to claim 9 which carries out the description of being beyond the 
viscous flow temperature of said insulating layer. 

[Claim 11] Said insulating layer is Si02. It is the manufacture approach of the semiconductor 
device according to claim 10 which considers as a principal component and carries out the 
description of said temperature being 900 degrees C or more. 
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[Claim 1 2] Said heat treatment is the manufacture approach of the semiconductor device 
according to claim 8 characterized by being what performs formation of said rearrangement 
defective field, and induction of said distortion to coincidence. 

[Claim 13] Said ion is the manufacture approach of the semiconductor device according to claim 
8 to 12 characterized by being the ion of at least one element chosen from the element group 
which consists of a hydrogen element and an inactive element. 



[Translation done.] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3,In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the semiconductor device which formed the 
component in the semi-conductor layer containing distortion, and its manufacture approach. 
[0002] 

[Description of the Prior Art] Many transistors, resistance, etc. are connected to the important 
parts of a computer or communication equipment so that an electrical circuit may be attained, 
and the large-scale integrated circuit (LSI) integrated and formed on 1 chip is used abundantly. 
For this reason, the engine performance of the whole device is connected as greatly as the 
engine performance of an LSI simple substance. 

[0003] In the improvement in the engine performance of the LSI simple substance which 
consists of improvement in the engine performance of an LSI simple substance, for example, an 
Si system MOS device etc., implementation of MOSFET characterized by the high speed and the 
low power is indispensable. For this reason, for example, researches and developments aiming at 
improvement in electrical characteristics, such as current driving force, are done energetically. 
[0004] The technique which forms a component in the silicon layer (distortion silicon layer) 
containing distortion as one of the techniques for heightening current driving force is known. The 
sectional view of the substrate which has the conventional distortion silicon layer in drawing 3 is 
shown. 

[0005] Among drawing, 81 show the silicon substrate and sequential formation of the gray 
TEDDO SiGe mixed-crystal layer 82, the relaxation SiGe mixed-crystal layer 83, and the 
distortion silicon layer 84 is carried out on this silicon substrate 81. In this kind of substrate, a 
rearrangement defect is shut up in the gray TEDDO SiGe mixed-crystal layer 82, and it is 
supposed that a rearrangement defect will not go into the relaxation SiGe mixed-crystal layer 83. 

[0006] 

[Problem(s) to be Solved by the Invention] However, in fact, a rearrangement defect will go even 
into the relaxation SiGe mixed-crystal layer 83, and this rearrangement defect will reach even 
the distortion silicon layer 84 further. Therefore, since the dependability of the distortion silicon 
layer 84 fell, even if it formed the component in the distortion silicon layer 84 according to this 
rearrangement defect, there was a problem that it was difficult to acquire the electrical 
characteristics as expected. 

[0007] Furthermore, since the highly precise epitaxial growth system and the process technique 
were required in order to form the gray TEDDO SiGe mixed-crystal layer 82 and the relaxation 
SiGe mixed-crystal layer 83, there was a problem that it was difficult to form the distortion 
silicon layer 84 easily. 

[0008] Although the distortion silicon layer was effective in improvement in component 
properties, such as current driving force, like ****, there was a problem that it was difficult to 
form easily without causing generating of a rearrangement defect. 

[0009] This invention was made in consideration of the above-mentioned situation, and the place 
made into the purpose is to offer the semiconductor device equipped with the substrate which 
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can be formed easily, and its manufacture approach, without inviting generating of a 
rearrangement defect for this distortion semi-conductor layer to the interior, including a 
distortion semi-conductor layer. 
[0010] 

[Means for Solving the Problem] 

[Summary of the Invention] — in order to attain the account purpose of a top, the 
semiconductor device (claim 1) concerning this invention is characterized by having come to 
provide the substrate with which it comes to carry out the laminating of the 1st semi-conductor 
layer, an insulating layer, and the 2nd semi-conductor layer one by one, and for distortion being 
contained in said 2nd semi-conductor layer, and forming the component. 
[0011] Moreover, other semiconductor devices (claim 2) concerning this invention are 
characterized by forming the rearrangement defective field in said 1st semi-conductor layer in 
the above-mentioned semiconductor device (claim 1). 

[0012] Moreover, other semiconductor devices (claim 3) concerning this invention are 
characterized by forming said rearrangement defective field in the interface of said 1st semi- 
conductor layer and said insulating layer in the above-mentioned semiconductor device (claim 2). 

[0013] Moreover, for other semiconductor devices (claim 4) concerning this invention, in the 
above-mentioned semiconductor device (claim 2, claim 3), said 1st semi-conductor layer uses 
silicon as a principal component, and the consistency of the rearrangement defect of said 
rearrangement defective field is 2 1x1010 pieces/cm. It is characterized by being above. 
[0014] Moreover, it is characterized by other semiconductor devices (claim 5) concerning this 
invention having the thickness of said 2nd semi-conductor layer smaller than said insulating layer 
thickness in the above-mentioned semiconductor device (claim 1 - claim 4). 
[0015] Moreover, in the above-mentioned semiconductor device (claim 1 - claim 4), said 2nd 
semi-conductor layer uses silicon as a principal component, and other semiconductor devices 
(claim 6) concerning this invention are characterized by the lattice constant of said silicon 
[ distortion / said ] in said 2nd semi-conductor layer being hauling distortion used as 1.01 or 
more times of the original lattice constant of silicon. 

[0016] Moreover, for other semiconductor devices (claim 7) concerning this invention, in the 
above-mentioned semiconductor device (claim 1 - claim 4), said 2nd semi-conductor layer uses 
silicon as a principal component, and said insulating layer is Si02. It considers as a principal 
component and thickness of said 2nd semi-conductor layer is characterized by being 1/5 or less 
[ of said insulating layer thickness ]. 

[0017] Moreover, the manufacture approach (claim 8) of the semiconductor device concerning 
this invention By the process which the 1st semi-conductor layer, an insulating layer, and the 
2nd semi-conductor layer prepare the substrate which comes to carry out a laminating one by 
one, and injects ion into said 1st semi-conductor layer, and heat treatment While forming the 
rearrangement defective field based on said ion in said 1st semi-conductor layer and separating 
said the 1st semi-conductor layer and said insulating layer in stress, it is characterized by having 
the process which makes said 2nd semi-conductor layer generate distortion, and the process 
which forms a component in said 2nd semi-conductor layer. 

[0018] Moreover, the manufacture approach (claim 9) of other semiconductor devices concerning 
this invention is performed in the manufacture approach (claim 8) of the above-mentioned 
semiconductor device after the 1 st heat treatment in which said heat treatment forms said 
rearrangement defective field, and this 1st heat treatment, and the description of consisting of 
the 2nd heat treatment which generates said distortion is carried out 
[0019] Moreover, the manufacture approach (claim 10) of other semiconductor devices 
concerning this invention carries out the description of the temperature of said 2nd heat 
treatment being beyond the viscous flow temperature of said insulating layer in the manufacture 
approach (claim 9) of the above-mentioned semiconductor device. 

[0020] Moreover, for the manufacture approach (claim 11) of other semiconductor devices 
concerning this invention, it sets to the manufacture approach (claim 10) of the above- 
mentioned semiconductor device, and said insulating layer is Si02. It considers as a principal 
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component and the description of said temperature being 900 degrees C or more is carried out. 
[0021] Moreover, the manufacture approach (claim 12) of other semiconductor devices 
concerning this invention is characterized by said heat treatment being what performs formation 
of said rearrangement defective field, and induction of said distortion to coincidence in the 
manufacture approach (claim 8) of the above-mentioned semiconductor device. 
[0022] Moreover, the manufacture approach (claim 13) of other semiconductor devices 
concerning this invention is characterized by being the ion of at least one element chosen from 
the element group which said ion becomes from a hydrogen element and an inactive element in 
the manufacture approach (claim 8 - claim 12) of the above-mentioned semiconductor device. 
[0023] A base [operation] this invention view has the 1st semi-conductor layer, an insulating 
layer, and the 2nd semi-conductor layer in using the substrate (SOI substrate) which comes to 
carry out a laminating one by one, in order to obtain a distortion semi-conductor layer. 
[0024] That is, in this invention, first, ion is injected into the 1st semi-conductor layer, and a 
rearrangement defective field is formed in the 1st semi-conductor layer by heat treatment. A 
rearrangement defective field can separate the 1st semi-conductor layer and insulating layer in 
stress. 

[0025] Thus, if the 1st semi-conductor layer and insulating layer lower the 2nd semi-conductor 
layer and insulating layer to a room temperature from a hot (preferably beyond the viscous flow 
temperature of an insulating layer) condition in the condition of having dissociated in stress, the 
2nd semi-conductor layer and insulating layer will come to receive distortion decided by both 
coefficient of thermal expansion and thickness. 

[0026] Here, although a coefficient of thermal expansion is unchangeable, since thickness is 
changeable, sufficient distortion for the 2nd semi-conductor layer can be generated by adjusting 
the 2nd semi-conductor layer and insulating layer thickness. 

[0027] Thus, according to this invention, sufficient hauling distortion for the 2nd semi-conductor 
layer can be produced by the ion implantation and heat treatment. Namely, a distortion semi- 
conductor layer can be easily formed now, without using a highly precise epitaxial growth system 
and a process technique. 

[0028] Moreover, in this invention, although a rearrangement defective field is formed, since the 
insulating layer dissociates with the 2nd semi-conductor layer, a rearrangement defect does not 
generate this rearrangement defective field in the 2nd semi-conductor layer. Namely, a reliable 
distortion semi-conductor layer can be formed now. 

[0029] Therefore, according to this invention, it can be reliable and the semi-conductor layer 
which has sufficient hauling distortion can be easily formed now. The semiconductor device 
(claim 1) concerning this invention is the thing of most fundamental configuration of that offer of 
a reliable distortion semi-conductor layer is attained. 

[0030] Moreover, the characteristic configuration (rearrangement defective field) produced in 
case the semiconductor device (claim 2) concerning this invention manufactures the above- 
mentioned semiconductor device (claim 1) is added. Moreover, the semiconductor device (claim 
3) concerning this invention limits the location of the most desirable rearrangement defective 
field, in order to obtain sufficient distortion. 

[0031] Moreover, the semiconductor device (claim 4) concerning this invention limits the typical 
value of a rearrangement defective field in case the principal component of the 1st semi- 
conductor layer is silicon. Moreover, the semiconductor device (claim 5) concerning this 
invention limits the size relation between the thickness of the 2nd semi-conductor layer 
effective in obtaining sufficient distortion, and that of an insulating layer. 

[0032] moreover, the case where the principal component of the 2nd semi-conductor layer of 
the semiconductor device (claim 6) concerning this invention is silicon — this — the value of the 
typical tensile stress, from which the 2nd semi-conductor layer is obtained is limited. 
[0033] Moreover, for the principal component of the 2nd semi— conductor layer, the principal 
component of silicon and an insulating layer is [ the semiconductor device (claim 7) concerning 
this invention ] Si02. The size relation between the thickness of the 2nd semi-conductor layer 
effective in obtaining sufficient distortion and that of an insulating layer is limited to a case. 
[0034] Moreover, the manufacture approach (claim 8) of the semiconductor device concerning 
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this invention is the thing of most fundamental configuration of that offer of a reliable distortion 
semi-conductor layer is attained. Moreover, the manufacture approach (claim 9) of the 
semiconductor device concerning this invention limits having divided into the 1st heat treatment 
for forming a rearrangement defective field for heat treatment, and the 2nd heat treatment for 
making the 2nd semi-conductor layer generate distortion in the manufacture approach (claim 8) 
of the above-mentioned semiconductor device. 

[0035] Moreover, the manufacture approach (claim 10) of the semiconductor device concerning 
this invention limits the desirable temperature of the 2nd heat treatment. Moreover, for the 
manufacture approach (claim 11) of the semiconductor device concerning this invention, the 
principal component of an insulating layer is Si02. The desirable temperature of the 2nd heat 
treatment of a case is limited. 

[0036] Moreover, the manufacture approach (claim 12) of the semiconductor device concerning 
this invention limits managing one heat treatment in the manufacture approach (claim 8) of the 
above-mentioned semiconductor device, without dividing into heat treatment for forming a 
rearrangement defective field, and heat treatment for making the 2nd semi-conductor layer 
generate distortion. Moreover, the manufacture approach (claim 13) of the semiconductor device 
concerning this invention limits ion effective in forming a rearrangement defective field. 
[0037] 

[Embodiment of the Invention] Hereafter, the gestalt (henceforth an operation gestalt) of 
operation of this invention is explained, referring to a drawing. 

(1st operation gestalt) Drawing 1 </A> is the process sectional view showing the formation 

approach of MOSFET concerning the 1st operation gestalt of this invention . 

[0038] First, as shown in drawing 1 (a), they are the 1st silicon layer 1 as a support substrate, 

and Si02. A layer 2 and the 2nd silicon layer 3 as a barrier layer in which a component is formed 

prepare the SOI substrate which comes to carry out a laminating one by one. 

[0039] The thickness of the 1st silicon layer 1 is 700 micrometers and Si02. The thickness of 

100 micrometers and the 2nd silicon layer 3 of the thickness of a layer 2 is 20 micrometers. 

Thus, for the usual SOI substrate, the SOI substrates of this operation gestalt differ and the 2nd 

silicon layer 3 is Si02, It is thinner than a layer 2. This is for heightening the effectiveness of this 

invention mentioned later. The thickness of the 2nd silicon layer 3 is Si02 like this operation 

gestalt It is desirable that it is 1/5 or less [ of the thickness of a layer 2 ]. 

[0040] As the formation approach of a SOI substrate, after injecting oxygen ion into a silicon 

layer, any usual approach, such as the approach (SIMOX law) of performing annealing and 

forming a silicon oxidizing zone and the approach (lamination method) of making the silicon layer 

of two sheets rival through a silicon oxidizing zone, and forming it, may be used. 

[0041] Next, as shown in drawing 1 (b), it is 2 acceleration voltage 20keV and 1x1016 doses/cm. 

On conditions, a hydrogen ion is injected into the 1st silicon layer 1 from the 2nd silicon layer 3 

side. Thereby, a hydrogen ion is the 1st silicon layer 1 and Si02. It is introduced into the 1st 

silicon layer [ / near the interface with a layer 2 ] 1. 

[0042] In addition, the ion of an inactive element may be poured in instead of a hydrogen ion. As 
ion, a hydrogen ion and the ion of an inactive element are used because these ion is effective in 
formation of a rearrangement defect. 

[0043] Next, as shown in this drawing (b), the 1st annealing with a temperature of about 400-600 
degrees C is performed, and it is the 1st silicon layer 1 and Si02. In the 1st [ near the interface 
with a layer 2 ] silicon layer 1, the consistency of a rearrangement defect is 2 about 1x1015 
pieces/cm. The rearrangement defective field 5 is formed. By this rearrangement defective field 
5, it is the 1st silicon layer 1 and Si02. It dissociates in [ a layer 2 ] stress. 

[0044] The consistency of the defect is small and seems in addition, not to form a defective field 
like this operation gestalt in the usual SOI substrate, although a defect exists in the silicon layer 
by the side of an insulator layer. 

[0045] Then, Si02 The 2nd with a viscous flow temperature [ of a layer 2 / beyond ] (900 
degrees C), for example, about 950-degree 0 temperature, annealing is performed, it pulls in the 
2nd silicon layer 3, and distortion is generated. The SOI substrate which pulls in this phase and 
has distortion is completed. 
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[0046] The reason which pulls in the 2nd silicon layer 3 and distortion generates is as follows. 
Si02 Above the viscous flow temperature of a layer 2, it is Si02. The stress of a layer 2 and the 
2nd silicon layer 3 is eased. 

[0047] and — if temperature falls even from the high temperature beyond viscous flow 
temperature to a room temperature — SiO twoHayer — the 2 and 2nd silicon layers 3 will take 
charge of distortion decided by both coefficient of thermal expansion and thickness, respectively. 

[0048] Specifically, it is Si02. Since a coefficient of thermal expansion is 4.0x1 0-6/degree C, 
0.4x1 0-6/degree C and the number of thermal-expansion formation of silicon For example, Si02 
Hauling distortion from which the thickness of a layer 2 will become 1.01 or more times of the 
lattice constant of original [ lattice constant / of the silicon in the 2nd silicon layer 3 ] of silicon 
if the thickness of lOOnm and the 2nd silicon layer 3 is 20nm occurs in the 2nd silicon layer 3. 
[0049] Generally hauling distortion generated in the 2nd silicon layer 3 is Si02. It becomes so 
large that the 2nd silicon layer 3 is so thin that the thickness of a layer 2 is thick. Then, in order 
to generate tensile stress sufficient with this operation gestalt for the 2nd silicon layer 3, as it 
mentioned above, the usual SOI substrates differ, and it is the thickness of the 2nd silicon layer 
3 Si02 It is made smaller than that of a layer 2. 

[0050] To Table 1, it is Si02. The value of the hauling distortion in the thickness (Si thickness) 
of the 2nd typical silicon layer 3 in case the thickness of a layer 2 is lOOnm is shown. The 
percentage to an original lattice constant has shown hauling distortion. The thickness of the 2nd 
silicon layer 3 is Si02 from a table. About [ of the thickness of a layer 2 / 1/5 or less ], it turns 
out that sufficient hauling distortion of about 1% is obtained. 



[0051] 




Table 1] 




S i MLM (mm) 




10 0 


0. 032 


8 0 


0.035 


6 0 


0. 042 


4 0 


0. 062 


2 0 


0. 1 1 7 



(S i O9 m»z 1 0 0nm> 



[0052] Here, if the rearrangement defective field 5 does not exist that is, it is the 1st silicon 
layer 1 and Si02. If the layer 2 is not separated in stress, since the 1st silicon layer 1 of 
overwhelming thickness (700 micrometers) will govern the whole, it is Si02. Although a layer 2 
receives a big distortion, the 2nd silicon layer 2 hardly receives distortion. 
[0053] In addition, you may make it the 1st annealing serve as the 2nd annealing by making 
temperature of the 1st annealing into 950 degrees C. Next, as shown in drawing 1 (c), isolation is 
performed by processing the 2nd silicon layer 3 into island shape, and embedding and forming the 
isolation insulator layer 6 in the perimeter. Next, as shown in this drawing (c), p mold impurity is 
introduced into the 2nd silicon layer 3, and a threshold electrical potential difference is adjusted. 
[0054] Next, as shown in drawing 1 (d), after forming gate oxide 7 in the whole surface, the gate 
electrode 8 which consists of polycrystalline silicon is formed. Finally, by the ion implantation of 
n mold impurity which used the gate electrode 8 for the mask, the source drain diffusion layer 9 
is formed in self align, and basic structure is completed. 

[0055] After this, processes, such as a deposition process of an interlayer insulation film, a 
puncturing process of a contact hole, and a formation process of a source drain electrode, as 
well as the process of the usual MOSFET continue. 

[0056] As stated above, according to the formation approach of this operation gestalt, sufficient 
hauling distortion for the 2nd silicon layer 3 can be produced by the ion implantation in the 
process of drawing 1 (b), and annealing of the 1st and 2 **. Namely, a distortion silicon layer can 
be easily formed now, without using a highly precise epitaxial growth system and a process 
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technique. 

[0057] Moreover, although the rearrangement defective field 5 is formed by the formation 
approach of this operation gestalt, this rearrangement defective field 5 is Si02. By the layer 2, 
since it dissociates in the 2nd silicon layer 3, a rearrangement defect does not occur in the 2nd 
silicon layer 3. Namely, a reliable distortion silicon layer can be formed now. 
[0058] Therefore, according to this operation gestalt, it can be reliable and the silicon layer 3 
which has sufficient hauling distortion can be easily formed now. Moreover, a channel is formed 
in the silicon layer 3 which has sufficient hauling distortion in MOSFET of this operation gestalt. 
Generally, in the large distortion silicon layer of hauling distortion, an electronic effective mass 
becomes small. 

[0059] Therefore, according to this operation gestalt, high MOSFET of current drive capacity can 
be realized now. For example, if the large distortion silicon layer of hauling distortion is used, 
compared with the case where an undistorted silicon layer is used, the component of the current 
drive capacity to be twice [ about ] many as this is realizable as reported to "International 
Electron Device Conference 1944 proceedings." 

[0060] Moreover, as mentioned above, since the dependability without a rearrangement defect of 
the silicon layer 3 (component formation field) is high, only high current drive capacity is not only 
realizable, but it can realize stable high current drive capacity. 

[0061] In addition, this invention is not limited to the above-mentioned operation gestalt. For 
example, although the above-mentioned operation gestalt explained the case where this 
invention was applied to MOSFET, this invention is applicable to other semiconductor devices, 
for example, a bipolar transistor. The sectional view of the bipolar transistor which applied this 
invention to drawing 2 is shown. Among drawing, in 11, n mold collector layer and 12 show p mold 
base layer, and 13 shows n mold emitter layer. 

[0062] Moreover, since current drive capacity is high, semiconductor devices which applied this 
invention, such as MOSFET and a bipolar transistor, are effective as a configuration component 
of a logical circuit, for example. 

[0063] moreover — the above-mentioned operation gestalt — the principal component of a 
semi-conductor layer — the principal component of silicon and an insulating layer — Si02 it is - 
- although the case where it was a SOI substrate was explained, this invention is applicable also 
to the SOI (Semiconductor On Insulator) substrate of other ingredient systems. In addition, in 
the technical range of this invention, it deforms variously and can carry out. 
[0064] 

[Effect of the Invention] As stated above, according to this invention, a distortion silicon layer 
without a rearrangement defect can be easily obtained now by using the substrate (SOI 
substrate) with which it comes to carry out the laminating of the 1 st semi-conductor layer, an 
insulating layer, and the 2nd semi-conductor layer one by one. 



[Translation done.] 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] However, in fact, a rearrangement defect will go even 
into the relaxation SiGe mixed-crystal layer 83, and this rearrangement defect will reach even 
the distortion silicon layer 84 further. Therefore, since the dependability of the distortion silicon 
layer 84 fell, even if it formed the component in the distortion silicon layer 84 according to this 
rearrangement defect, there was a problem that it was difficult to acquire the electrical 
characteristics as expected. 

[0007] Furthermore, since the highly precise epitaxial growth system and the process technique 
were required in order to form the gray TEDDO SiGe mixed-crystal layer 82 and the relaxation 
SiGe mixed-crystal layer 83, there was a problem that it was difficult to form the distortion 
silicon layer 84 easily. 

[0008] Although the distortion silicon layer was effective in improvement in component 
properties, such as current driving force, like ****, there was a problem that it was difficult to 
form easily without causing generating of a rearrangement defect. 

[0009] This invention was made in consideration of the above-mentioned situation, and the place 
made into the purpose is to offer the semiconductor device equipped with the substrate which 
can be formed easily, and its manufacture approach, without inviting generating of a 
rearrangement defect for this distortion semi-conductor layer to the interior, including a 
distortion semi-conductor layer. 
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MEANS 

[Means for Solving the Problem] 

[Summary of the Invention] — in order to attain the account purpose of a top, the 
semiconductor device (claim 1) concerning this invention is characterized by having come to 
provide the substrate with which it comes to carry out the laminating of the 1st semi-conductor 
layer, an insulating layer, and the 2nd semi-conductor layer one by one, and for distortion being 
contained in said 2nd semi-conductor layer, and forming the component. 
[0011] Moreover, other semiconductor devices (claim 2) concerning this invention are 
characterized by forming the rearrangement defective field in said 1st semi-conductor layer in 
the above-mentioned semiconductor device (claim 1). 

[0012] Moreover, other semiconductor devices (claim 3) concerning this invention are 
characterized by forming said rearrangement defective field in the interface of said 1st semi- 
conductor layer and said insulating layer in the above-mentioned semiconductor device (claim 2). 

[0013] Moreover, for other semiconductor devices (claim 4) concerning this invention, in the 
above-mentioned semiconductor device (claim 2, claim 3), said 1st semi-conductor layer uses 
silicon as a principal component, and the consistency of the rearrangement defect of said 
rearrangement defective field is 2 1x1010 pieces/cm. It is characterized by being above. 
[0014] Moreover, it is characterized by other semiconductor devices (claim 5) concerning this 
invention having the thickness of said 2nd semi-conductor layer smaller than said insulating layer 
thickness in the above-mentioned semiconductor device (claim 1 - claim 4). 
[0015] Moreover, in the above-mentioned semiconductor device (claim 1 - claim 4), said 2nd 
semi-conductor layer uses silicon as a principal component, and other semiconductor devices 
(claim 6) concerning this invention are characterized by the lattice constant of said silicon 
[ distortion / said ] in said 2nd semi-conductor layer being hauling distortion used as 1.01 or 
more times of the original lattice constant of silicon. 

[0016] Moreover, for other semiconductor devices (claim 7) concerning this invention, in the 
above-mentioned semiconductor device (claim 1 - claim 4), said 2nd semi-conductor layer uses 
silicon as a principal component, and said insulating layer is Si02. It considers as a principal 
component and thickness of said 2nd semi-conductor layer is characterized by being 1/5 or less 
[ of said insulating layer thickness ]. 

[0017] Moreover, the manufacture approach (claim 8) of the semiconductor device concerning 
this invention By the process which the 1st semi-conductor layer, an insulating layer, and the 
2nd semi-conductor layer prepare the substrate which comes to carry out a laminating one by 
one, and injects ion into said 1st semi-conductor layer, and heat treatment While forming the 
rearrangement defective field based on said ion in said 1st semi-conductor layer and separating 
said the 1st semi-conductor layer and said insulating layer in stress, it is characterized by having 
the process which makes said 2nd semi-conductor layer generate distortion, and the process 
which forms a component in said 2nd semi-conductor layer. 

[0018] Moreover, the manufacture approach (claim 9) of other semiconductor devices concerning 
this invention is performed in the manufacture approach (claim 8) of the above-mentioned 
semiconductor device after the 1st heat treatment in which said heat treatment forms said 
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rearrangement defective field, and this 1st heat treatment, and the description of consisting of 
the 2nd heat treatment which generates said distortion is carried out. 
[0019] Moreover, the manufacture approach (claim 10) of other semiconductor devices 
concerning this invention carries out the description of the temperature of said 2nd heat 
treatment being beyond the viscous flow temperature of said insulating layer in the manufacture 
approach (claim 9) of the above-mentioned semiconductor device. 

[0020] Moreover, for the manufacture approach (claim 1 1) of other semiconductor devices 
concerning this invention, it sets to the manufacture approach (claim 10) of the above- 
mentioned semiconductor device, and said insulating layer is Si02. It considers as a principal 
component and the description of said temperature being 900 degrees C or more is carried out. 
[0021] Moreover, the manufacture approach (claim 12) of other semiconductor devices 
concerning this invention is characterized by said heat treatment being what performs formation 
of said rearrangement defective field, and induction of said distortion to coincidence in the 
manufacture approach (claim 8) of the above-mentioned semiconductor device. 
[0022] Moreover, the manufacture approach (claim 13) of other semiconductor devices 
concerning this invention is characterized by being the ion of at least one element chosen from 
the element group which said ion becomes from a hydrogen element and an inactive element in 
the manufacture approach (claim 8 - claim 12) of the above-mentioned semiconductor device. 
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OPERATION 

A base [operation] this invention view has the 1st semi-conductor layer, an insulating layer, and 

the 2nd semi-conductor layer in using the substrate (SOI substrate) which comes to carry out a 

laminating one by one, in order to obtain a distortion semi-conductor layer. 

[0024] That is, in this invention, first, ion is injected into the 1st semi-conductor layer, and a 

rearrangement defective field, is fornied in the 1st semi-conductor layer by heat treatment, A 

rearrangement defective field can separate the 1st semi-conductor layer and insulating layer in 

stress. 

[0025] Thus, if the 1st semi-conductor layer and insulating layer lower the 2nd semi-conductor 
layer and insulating layer to a room temperature from a hot (preferably beyond the viscous flow 
temperature of an insulating layer) condition in the condition of having dissociated in stress, the 
2nd semi-conductor layer and insulating layer will come to receive distortion decided by both 
coefficient of thermal expansion and thickness. 

[0026] Here, although a coefficient of thermal expansion is unchangeable, since thickness is 
changeable, sufficient distortion for the 2nd semi-conductor layer can be generated by adjusting 
the 2nd semi-conductor layer and insulating layer thickness. 

[0027] Thus, according to this invention, sufficient hauling distortion for the 2nd semi-conductor 
layer can be produced by the ion implantation and heat treatment. Namely, a distortion semi- 
conductor layer can be easily formed now, without using a highly precise epitaxial growth system 
and a process technique. 

[0028] Moreover, in this invention, although a rearrangement defective field is formed, since the 
insulating layer dissociates with the 2nd semi-conductor layer, a rearrangement defect does not 
generate this rearrangement defective field in the 2nd semi-conductor layer. Namely, a reliable 
distortion semi-conductor layer can be formed now. 

[0029] Therefore, according to this invention, it can be reliable and the semi-conductor layer 
which has sufficient hauling distortion can be easily formed now. The semiconductor device 
(claim 1) concerning this invention is the thing of most fundamental configuration of that offer of 
a reliable distortion semi-conductor layer is attained. 

[0030] Moreover, the characteristic configuration (rearrangement defective field) produced in 
case the semiconductor device (claim 2) concerning this invention manufactures the above- 
mentioned semiconductor device (claim 1) is added. Moreover, the semiconductor device (claim 
3) concerning this invention limits the location of the most desirable rearrangement defective 
field, in order to obtain sufficient distortion. 

[0031] Moreover, the semiconductor device (claim 4) concerning this invention limits the typical 
value of a rearrangement defective field in case the principal component of the 1st semi- 
conductor layer is silicon. Moreover, the semiconductor device (claim 5) concerning this 
invention limits the size relation between the thickness of the 2nd semi-conductor layer 
effective in obtaining sufficient distortion, and that of an insulating layer. 

[0032] moreover, the case where the principal component of the 2nd semi-conductor layer of 
the semiconductor device (claim 6) concerning this invention is silicon — this — the value of the 
typical tensile stress, from which the 2nd semi-conductor layer is obtained is limited. 
[0033] Moreover, for the principal component of the 2nd semi-conductor layer, the principal 
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component of silicon and an insulating layer is [ the semiconductor device (claim 7) concerning 
this invention ] Si02. The size relation between the thickness of the 2nd semi-conductor layer 
effective in obtaining sufficient distortion and that of an insulating layer is limited to a case. 
[0034] Moreover, the manufacture approach (claim 8) of the semiconductor device concerning 
this invention is the thing of most fundamental configuration of that offer of a reliable distortion 
semi-conductor layer is attained. Moreover, the manufacture approach (claim 9) of the 
semiconductor device concerning this invention limits having divided into the 1st heat treatment 
for forming a rearrangement defective field for heat treatment, and the 2nd heat treatment for 
making the 2nd semi-conductor layer generate distortion in the manufacture approach (claim 8) 
of the above-mentioned semiconductor device. 

[0035] Moreover, the manufacture approach (claim 10) of the semiconductor device concerning 
this invention limits the desirable temperature of the 2nd heat treatment Moreover, for the 
manufacture approach (claim 11) of the semiconductor device concerning this invention, the 
principal component of an insulating layer is Si02. The desirable temperature of the 2nd heat 
treatment of a case is limited. 

[0036] Moreover, the manufacture approach (claim 12) of. the semiconductor device concerning 
this invention limits managing one heat treatment in the manufacture approach (claim 8) of the 
above-mentioned semiconductor device, without dividing into heat treatment for forming a 
rearrangement defective field, and heat treatment for making the 2nd semi-conductor layer 
generate distortion. Moreover, the manufacture approach (claim 13) of the semiconductor device 
concerning this invention limits ion effective in forming a rearrangement defective field. 
[0037] 

[Embodiment of the Invention] Hereafter, the gestalt (henceforth an operation gestalt) of 
operation of this invention is explained, referring to a drawing, 

(1st operation gestalt) Drawing 1 is the process sectional view showing the formation approach 
of MOSFET concerning the 1st operation gestalt of this invention. 

[0038] First, as shown in drawing 1 (a), they are the 1st silicon layer 1 as a support substrate, 
and Si02. A layer 2 and the 2nd silicon layer 3 as a barrier layer in which a component is formed 
prepare the SOI substrate which comes to carry out a laminating one by one. 
[0039] The thickness of the 1st silicon layer 1 is 700 micrometers and Si02. The thickness of 
100 micrometers and the 2nd silicon layer 3 of the thickness of a layer 2 is 20 micrometers. 
Thus, for the usual SOI substrate, the SOI substrates of this operation gestalt differ and the 2nd 
silicon layer 3 is Si02. It is thinner than a layer 2. This is for heightening the effectiveness of this 
invention mentioned later. The thickness of the 2nd silicon layer 3 is Si02 like this operation 
gestalt. It is desirable that it is 1/5 or less [ of the thickness of a layer 2 ]. 
[0040] As the formation approach of a SOI substrate, after injecting oxygen ion into a silicon 
layer, any usual approach, such as the approach (SIMOX law) of performing annealing and 
forming a silicon oxidizing zone and the approach (lamination method) of making the silicon layer 
of two sheets rival through a silicon oxidizing zone, and forming it, may be used. 
[0041] Next, as shown in drawing 1 (b), it is 2 acceleration voltage 20keV and 1x1016 doses/cm. 
On conditions, a hydrogen ion is injected into the 1st silicon layer 1 from the 2nd silicon layer 3 
side. Thereby, a hydrogen ion is the 1st silicon layer 1 and Si02. It is introduced into the 1st 
silicon layer [ / near the interface with a layer 2 ] 1. 

[0042] In addition, the ion of an inactive element may be poured in instead of a hydrogen ion. As 
ion, a hydrogen ion and the ion of an inactive element are used because these ion is effective in 
formation of a rearrangement defect. 

[0043] Next, as shown in this drawing (b), the 1st annealing with a temperature of about 400-600 
degrees 0 is performed, and it is the 1st silicon layer 1 and Si02. In the 1st [ near the interface 
with a layer 2 ] silicon layer 1, the consistency of a rearrangement defect is 2 about 1x1015 
pieces/cm. The rearrangement defective field 5 is formed. By this rearrangement defective field 
5, it is the 1st silicon layer 1 and Si02. It dissociates in [ a layer 2 ] stress. 

[0044] The consistency of the defect is small and seems in addition, not to form a defective field 
like this operation gestalt in the usual SOI substrate, although a defect exists in the silicon layer 
by the side of an insulator layer. 
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[0045] Then, Si02 The 2nd with a viscous flow temperature [ of a layer 2 / beyond ] (900 
degrees C), for example, about 950-degree 0 temperature, annealing is performed, it pulls in the 
2nd silicon layer 3, and distortion is generated. The SOI substrate which pulls in this phase and 
has distortion is completed. 

[0046] The reason which pulls in the 2nd silicon layer 3 and distortion generates is as follows. 
Si02 Above the viscous flow temperature of a layer 2, it is Si02. The stress of a layer 2 and the 
2nd silicon layer 3 is eased. 

[0047] and — if temperature falls even from the high temperature beyond viscous flow 
temperature to a room temperature — SiO twoHayer — the 2 and 2nd silicon layers 3 will take 
charge of distortion decided by both coefficient of thermal expansion and thickness, respectively. 

[0048] Specifically, it is Si02. Since a coefficient of thermal expansion is 4.0x1 0-6/degree C, 
0.4x1 0-6/degree 0 and the number of thermal-expansion formation of silicon For example, Si02 
Hauling distortion from which the thickness of a layer 2 will become 1.01 or more times of the 
lattice constant of original [ lattice constant / of the silicon in the 2nd silicon layer 3 ] of silicon 
if the thickness of lOOnm and the 2nd silicon layer 3 is 20nm occurs in the 2nd silicon layer 3. 
[0049] Generally hauling distortion generated in the 2nd silicon layer 3 is Si02. It becomes so 
large that the 2nd silicon layer 3 is so thin that the thickness of a layer 2 is thick. Then, in order 
to generate tensile stress sufficient with this operation gestalt for the 2nd silicon layer 3, as it 
mentioned above, the usual SOI substrates differ, and it is the thickness of the 2nd silicon layer 
3 Si02 It is made smaller than that of a layer 2. 

[0050] To Table 1, it is Si02. The value of the hauling distortion in the thickness (Si thickness) 
of the 2nd typical silicon layer 3 in case the thickness of a layer 2 is lOOnm is shown. The 
percentage to an original lattice constant has shown hauling distortion. The thickness of the 2nd 
silicon layer 3 is Si02 from a table. About [ of the thickness of a layer 2 / 1/5 or less ], it turns 
out that sufficient hauling distortion of about 1% is obtained. 



[0051] 




Table 1] 




S i JK^ (mm) 




10 0 


0, 032 


8 0 


0.035 


6 0 


0. 042 


4 0 


0. 062 


2 0 


0. 1 1 7 



(S i 0» KJil: 1 0 0 nm> 



[0052] Here, if the rearrangement defective field 5 does not exist that is, it is the 1st silicon 
layer 1 and Si02. If the layer 2 is not separated in stress, since the 1st silicon layer 1 of 
overwhelming thickness (700 micrometers) will govern the whole, it is Si02. Although a layer 2 
receives a big distortion, the 2nd silicon layer 2 hardly receives distortion. 
[0053] In addition, you may make it the 1st annealing serve as the 2nd annealing by making 
temperature of the 1st annealing into 950 degrees 0. Next, as shown in drawing 1 (c), isolation is 
performed by processing the 2nd silicon layer 3 into island shape, and embedding and forming the 
isolation insulator layer 6 in the perimeter. Next, as shown in this drawing (c), P mold impurity is 
introduced into the 2nd silicon layer 3, and a threshold electrical potential difference is adjusted. 
[0054] Next, as shown in drawing 1 (d), after forming gate oxide 7 in the whole surface, the gate 
electrode 8 which consists of polycrystalline silicon is formed. Finally, by the ion implantation of 
n mold impurity which used the gate electrode 8 for the mask, the source drain diffusion layer 9 
is formed in self align, and basic structure is completed. 

[0055] After this, processes, such as a deposition process of an interlayer insulation film, a 
puncturing process of a contact hole, and a formation process of a source drain electrode, as 
well as the process of the usual MOSFET continue. 
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[0056] As stated above, according to the formation approach of this operation gestalt, sufficient 
hauling distortion for the 2nd silicon layer 3 can be produced by the ion implantation in the 
process of drawing 1 (b), and annealing of the 1st and 2 **. Namely, a distortion silicon layer can 
be easily formed now, without using a highly precise epitaxial growth system and a process 
technique. 

[0057] Moreover, although the rearrangement defective field 5 is formed by the formation 
approach of this operation gestalt, this rearrangement defective field 5 is Si02. By the layer 2, 
since it dissociates in the 2nd silicon layer 3, a rearrangement defect does not occur in the 2nd 
silicon layer 3. Namely, a reliable distortion silicon layer can be formed now. 
[0058] Therefore, according to this operation gestalt, it can be reliable and the silicon layer 3 
which has sufficient hauling distortion can be easily formed now. Moreover, a channel is formed 
in the silicon layer 3 which has sufficient hauling distortion in MOSFET of this operation gestalt. 
Generally, in the large distortion silicon layer of hauling distortion, an electronic effective mass 
becomes small. 

[0059] Therefore, according to this operation gestalt, high MOSFET of current drive capacity can 
be realized now. For example, if the large distortion silicon layer of hauling distortion is used, 
compared with the case where an undistorted silicon layer is used, the component of the current 
drive capacity to be twice [ about ] many as this is realizable as reported to "International 
Electron Device Conference 1944 proceedings." 

[0060] Moreover, as mentioned above, since the dependability without a rearrangement defect of 
the silicon layer 3 (component formation field) is high, only high current drive capacity is not only 
realizable, but it can realize stable high current drive capacity. 

[0061] In addition, this invention is not limited to the above-mentioned operation gestalt. For 
example, although the above-mentioned operation gestalt explained the case where this 
invention was applied to MOSFET, this invention is applicable to other semiconductor devices, 
for example, a bipolar transistor. The sectional view of the bipolar transistor which applied this 
invention to drawing 2 is shown. Among drawing, in 1 1, n mold collector layer and 12 show p mold 
base layer, and 13 shows n mold emitter layer. 

[0062] Moreover, since current drive capacity is high, semiconductor devices which applied this 
invention, such as MOSFET and a bipolar transistor, are effective as a configuration component 
of a logical circuit, for example. 

[0063] moreover — the above-mentioned operation gestalt — the principal component of a 
semi-conductor layer — the principal component of silicon and an insulating layer — Si02 it is - 
- although the case where it was a SOI substrate was explained, this invention is applicable also 
to the SOI (Semiconductor On Insulator) substrate of other ingredient systems. In addition, in 
the technical range of this invention, it deforms variously and can carry out. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The process sectional view showing the formation approach of MOSFET concerning 
the 1st operation gestalt of this invention 

[Drawing 2] The sectional view showing the bipolar transistor which applied this invention 
[Drawing 3] The sectional view showing the substrate which has the conventional distortion 
silicon layer 

[Description of Notations] 

1 — 1st silicon layer (1st semi-conductor layer) 

2 ~ Si02 Layer 

3 — 2nd silicon layer (2nd semi-conductor layer) 

4 — Ion 

5 — Rearrangement defective field 

6 — Isolation insulator layer 

7 — Gate oxide 

8 — Gate electrode 

9 — n mold source drain diffusion layer 

11 — n mold collector layer 

12 — p mold base layer 

13 — n mold emitter layer 
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